The volatile constituents of the aerial parts of Centaurea nigrescens Willd, collected in Romania and of two samples of C. stenolepis A. Kerner from Bulgaria and Romania were obtained by hydrodistillation and analyzed. The main components of C. stenolepis were caryophyllene oxide (6.9-15.6%), hexahydrofarnesyl acetone (6.5-4.4%), heptacosane (6.0-4.9%) and p-vinyl guiacol (4.3-5.0%). The main components of C. nigrescens were caryophyllene oxide (9.9%), β-eudesmol (9.5%), spathulenol (7.6%), heptacosane (6.1%) and p-vinyl guiacol (5.5%). The chemotaxonomic significance with respect to their colocation in Sections Lepteranthus and Nigrescentes, respectively, is discussed.
The delimitation of Centaurea as a genus is problematical because in its traditional circumscription in Flora Europaea it is obviously a non-monophyletic taxon [11, 12] . Therefore, there is increased interest in the phylogeny and evolution of characters of "Centaurea" and the Centaureinae, including floral and achene micromorphology, pollen morphology, karyology, and DNA sequences [7, [11] [12] [13] [14] [15] [16] . However, the genus needs further studies, mainly using modern chemical and cytological techniques. Previous studies on the roots and green parts of several Centaurea have shown the presence of numerous secondary metabolites and indicated the presence of acetylenic compounds [17] [18] [19] , flavonoids [20, 21] , lignans [22, 23] and sesquiterpene lactones [24] [25] [26] . The aerial parts, roots and seeds of several species of Centaurea are used in the popular medicine of many countries and in some cases scientific evidence for these activities has been obtained, such as antimicrobial [27] , antibacterial [28] , hypoglycemic [29] , antiplasmodial [30] , antifungal [30, 31] , cytotoxic and phytotoxic [19, 24, 32, 33, 34] . Recently, we reported on the volatile components of some Centaurea species [35] [36] and in the present study, we have investigated the composition of the essential oils of the aerial parts of C. nigrescens Willd., sect. Nigrescentes, collected in Romania, and of two samples of C. stenolepis A. Kerner, sect. Lepteranthus, collected in Bulgaria and Romania. The sections Lepteranthus and Nigrescentes are closely related to each other and are both related to sect. Jacea. [37] . To the best of our knowledge, no reports on species belonging to Sect. Lepteranthus and Nigrescentes have been previously published.
C. nigrescens is included in sect. Nigrescentes (Hayek) Dostàl [10] , which is represented by three wellcharacterized, but very closely related species. The species is a perennial plant distributed in south, central and east Europe, extending southwards to Italy and north Bulgaria.
C. stenolepis belongs to sect. Lepteranthus (DC.) Dumort [10] ; this is represented in Europe by approximately twenty 20 species. C. stenolepis is distributed in Europe, from the Czech Republic, Slovakia and west Ukraine southwards to central Italy and north Greece.
Hydrodistillation of the aerial parts of C. stenolepis collected in Bulgaria (CSB) and Romania (CSR) gave two pale yellow oils. Overall, seventy-six compounds were identified (60 in CSB and 50 in CSR), representing 91.4% and 90.5% of the total oils, respectively. The components are listed in Table 1 according to their retention indices on HP-5 and HP-Innovax columns, and are classified on the basis of their chemical structures into 9 classes. The composition of the oils is different, although the most abundant components are identical. In fact, hydrocarbons are present in similar concentrations (19.6% and 16.1%) with a rather analogous composition. Caryophillene oxide is the most abundant component of both oils but its concentration in CSR (15.6%) is almost double that in CSB (6.9%) and the same feature can be observed for hexadecanoic acid, the second most abundant product (10.5% in CSR and 5.5% in CSB). On the other hand, p-vinyl guiacol and hexahydrofarnesyl acetone show similar concentrations in both oils [4.3% (CSB) and 5.0% (CSR); 6.5% (CSB) and 4.4% (CSR), respectively]. As regard the different classes of compounds, sesquiterpenes are the most abundant and although their number in the two oils is the same they differ in occurrence and percentage. The concentrations of the oxygen containing sesquiterpenes fractions are similar, but once again there are noticeable differences in their occurrence and concentration. Among the twelve constituents of CSB the most abundant are caryophyllene oxide (6.9%), epi-cedrol (6.0%) and germacrene D 4-ol (5.0%) whereas in CSR, although caryophyllene oxide is present in higher concentration (15.6%), the other two are absent, and the second most abundant compound is caryophyllenol II. Finally, the absence in CSR and the low amount in CSB of monoterpenes and the presence of 4-vinyl guaiacol as the main component of the phenolic fraction are noteworthy.
These experimental data and the fact that the two samples were collected at the same vegetative stage confirm the influence of different geographical locations on the production of metabolites.
Hydrodistillation of the aerial parts of C. nigrescens (CNI) gave a pale yellow oil. Overall, fifty-one compounds were identified, representing 90.3% of the total components (Table 1 ). This oil is particularly rich in terpenoids (54.2%), with oxygenated sesquiterpenes (9 compounds, 38.6%) as the main class, of which caryophyllene oxide (9.9%) and β-eudesmol (9.5%) were the major compounds, followed by spathulenol (7.6%); the last two compounds were absent in C. stenolepis. In C. nigrescens, the most abundant sesquiterpene hydrocarbon was also (E)-caryophyllene (4.7%), monoterpenes were absent, and the concentration of 4-vinyl guaiacol (5.5%), the sole component of the phenolic fraction, was similar to that in C. stenolepis. A high percentage (21.1%) of hydrocarbons (9 compounds) was detected, with heptacosane (6.1%), nonacosane (5.3%) and pentacosane (3.1%), the main components, in amounts similar to those in C. stenolepis. It must be highlighted that fatty acids were present in the oil in very low amount (2.5 %) and that the percentage of carbonylic compounds (9 substances) was quite low (6.2%); hexahydrofarnesyl acetone, the main component of this fraction in C. stenolepis, was absent in C. nigrescens.
Several metabolites have been proposed as chemotaxonomic markers for the genus Centaurea: sesquiterpenes [38] , lignans [39] , flavonoids [39] and essential oil [40] . This is the first report on the volatile constituents of species belonging to the closely related sections (Lepteranthus and Nigrescentes) and no paper has been published on species of section Jacea. In conclusion, we can affirm that the volatile fractions of C. nigrescens and C. stenolepis have different profiles consistent with their classification in two different sections, Nigrescentes and Lepteranthus, respectively, although several similar features, such as the presence of caryophyllene oxide as their main component, the absence of monoterpene hydrocarbons, the same composition of the hydrocarbon fraction and a reasonable amount of p-vinyl guiacol suggests a close relationship of the two sections. 
Isolation of the volatile components:
The air-dried samples were ground in a Waring blender and then subjected to hydrodistillation for 3 h using n-hexane as a solvent, according to the standard procedure, previously described [36] . The extracts were dried over anhydrous sodium sulfate and then stored in sealed vials, at -20°C, ready for GC and GC-MS analyses. The samples yielded 0.09% (CNI), 0.08% (CSR) and 0.1% (CSB) of yellow oil (w/w), with a pleasant smell.
Gas chromatography:
Analytical GC was carried out on a Perkin-Elmer Sigma 115 gas chromatograph fitted with a HP-5 MS capillary column (30 m x 0.25 mm), 0.25 μm film thickness. Column temperature was initially kept at 40°C for 5 min, then gradually increased to 250°C at 2°C/min rate, held for 15 min and finally raised to 270°C at 10°C/min. Diluted samples (1/100 v/v, in n-pentane) of 1μL were injected at 250°C, manually, and in the splitless mode. Flame ionization detection (FID) was performed at 280°C. Analysis was also conducted by using a fused silica HP Innowax polyethylenglycol capillary column (50 m x 0.20 mm, 0.20 μm film thickness). In both cases helium was used as carrier gas (1 mL/min).
Gas chromatography -mass spectrometry: GC-MS
analysis was performed on an Agilent 6850 Ser. II apparatus, fitted with a fused silica DB-5 capillary column (30 m x 0.25 mm), 0.33 μm film thickness, coupled to an Agilent Mass Selective Detector MSD 5973; 70 eV ionization energy; 2000 V electron multiplier voltage, scan range 40-550. Gas chromatographic conditions were as given; transfer line temperature, 295°C.
Identification of components:
Most constituents were identified by GC by comparison of their retention indices (LRI) on apolar and polar columns, determined relative to the retention times of a series of n-alkanes (C 8 -C 28 ) with linear interpolation with those of the literature [41, 42] . Further identification was achieved by comparison of their MS on both columns with either those stored in NIST 02 and Wiley 275 libraries or with MS from the literature [41] [42] [43] and our home made library. Component relative concentrations were calculated based on GC peak areas without using correction factors.
